
1st Advanced Training Course ITCM with Nucleonica, Karlsruhe, Germany, 22-24 April, 2009 1

ITU - Institute for Transuranium Elements
Karlsruhe - Germany

http://itu.jrc.ec.europa.eu/
http://www.jrc.ec.europa.eu/

Experimental Validation of the 
Gamma Spectrum Generator Results

A.N. Berlizov



1st Advanced Training Course ITCM with Nucleonica, Karlsruhe, Germany, 22-24 April, 2009 2

Presentation outline

Outline

• Point gamma-sources (GSG)

• Shielded point-like gamma-sources (EMC+GSG)

• Shielded volume gamma-sources (EMC+GSG)
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Validation: Point Sources & HPGe

Experimental validation with 60% HPGe coaxial detector (INR, Kiev)

Detector: coaxial HPGe (Canberra) 

• Relative efficiency: 61.8%
• Crystal dimensions: ∅74 mm × 53 mm
• Rear contact: ∅10 mm × 36 mm
• Inactive Ge: 0.7 mm
• Crystal end cap: 1.5 mm Al
• End cap to crystal gap: 5 mm
• FWHM: 1.75 keV at 1.33 MeV  

Sources: Thin Spectroscopic Reference 
Gamma-Sources (SOSGI)

• 137Cs, 60Co, 152Eu

Measurement conditions: Center of 
experimental room
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Validation: Point Sources & HPGe

Results of the experimental validation with 60% HPGe coaxial detector

Full Energy Peak efficiency as a function of the photon
energy: circles – experimental values, curve – calculated. 
Two sets of data refer to the source location at 5 cm and 

17 cm distances from the detector end cap.

Calculated (curve) and experimental (circles) detector 
responses for 152Eu source at 17 cm distance from the 

detector end cap.
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Validation: Point Sources & HPGe

Results of the experimental validation with 60% HPGe coaxial detector

Calculated (curve) and experimental (circles) detector 
responses for 60Co source at 17 cm distance from the 

detector end cap.

Calculated (curve) and experimental (circles) detector 
responses for 137Cs source at 17 cm distance from the 

detector end cap.
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Validation: Point Sources & NaI

Detector: 
3″ × 3″ NaI scintillation
detector
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Validation: Point Sources & NaI

Results of the experimental validation with 3″ × 3″ NaI scintillation detector

The experimental and simulated spectra for 137Cs and a 
NaI 3′′ × 3′′ detector .

The simulated vs. experimental FEP efficiencies for a 
NaI 3′′ × 3′′ detector.
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Validation: Point Sources & NaI

Results of the experimental validation with 3″ × 3″ NaI scintillation detector

The experimental and simulated spectra for 60Co and a 
NaI 3′′ × 3′′ detector.

The experimental and simulated spectra for 133Ba and 
a NaI 3′′ × 3′′ detector.
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Validation: Point Sources & NaI

Results of the experimental validation with 3″ × 3″ NaI scintillation detector

The experimental and simulated spectra for 28Al and a 
NaI 3′′ × 3′′ detector .

The experimental and simulated spectra for a 12 year 
old 232Th source and a NaI 3′′ × 3′′ detector.



1st Advanced Training Course ITCM with Nucleonica, Karlsruhe, Germany, 22-24 April, 2009 10

Validation: Point Sources & NaI

Results of the experimental validation with 3″ × 3″ NaI scintillation detector

The experimental and simulated spectra for 24Na and a 
NaI 3′′ × 3′′ detector.

The experimental and simulated spectra for 16N and a NaI
3′′ × 3′′ detector.
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Validation: Shielded / Volume Sources

Modelling γ-spectra from volume / shielded sources: 

Challenges:
• an accurate reproduction of the incident photon flux properties is important;
• an accurate knowledge of the detector response in a broad energy range is required;
• a huge computational effort is normally needed.

γ / β - Source Detector

Shield

Effects:
• Self-attenuation 
• Attenuation
• Scattering 
• Backscattering
• X-ray fluorescence
• Pair production
• Bremsstrahlung

Primary photons: 
• attenuated γ-rays
• attenuated X-rays

Secondary photons: 
• Continuum
• Fluoresced X-rays 
• 511 keV photons
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EMC: on-line Monte Carlo via Internet

• A dedicated Monte Carlo web-service, i.e. a 
computational engine reachable to other 
programs via the Internet

• Two computational approaches can be used 
within EMC: MCNP4c or MCNP-CP

• Manifold options for defining fairly complex 
radiation objects, consisting of enclosed 
parallelepipeds, spheres and cylinders filled in 
with the user-specified materials

• Arbitrary number of point-like sources and non-
intersecting active volumes with uniform spatial 
distribution of radioactivity

• Arbitrary mixture of γ-emitting nuclides can be 
assigned to each source + sources defined as 
line spectral distributions

• High-performance point-detector tally (next-
event-estimator) for scoring energy dependent 
photon flux

EMC Front End:What is the EasyMonteCarlo?
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EMC+GSG: Volume / Shielded Sources

Coupled EMC / GSG calculations for volume & shielded sources:
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Validation: point-like sources

Experimental room: L × W × H = 3.3 × 3.8 × 3.5 m3. 
Shields (20 × 20 cm2): Pb (2 cm) and Al (3 cm, 12 cm).
Detector: 10% Ortec Detective, HPGe ∅50 × 30 mm.
Shield to detector: 10 cm.
Source to shield: 0 cm.
Unshielded sources: at 25 cm distance.

Type D Disk source: Eckert & Ziegler Isotope Products, 
Reference & Calibration Sources, Product Information
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Validation: point-like sources
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Validation: volume source

Experimental room: L × W × H = 3.3 × 3.8 × 3.5 m3. 
Shields (20 × 20 cm2): Pb (2 cm) and Al (3 cm, 12 cm).
Detector: 10% Ortec Detective, HPGe ∅50 × 30 mm.
Shield to detector: 10 cm.
Source to shield: 0 cm.
Unshielded source: at 10 cm distance.

 CBNM-446 Uranium:

Separation date: 1979
U3O8, 200 g, 3.3 g/cm3

Capsule: ∅ 8 × 9 cm
Sample:  ∅ 7 × 1.58 cm
Al window: 0.2 cm

232U – 4.1 ppt
234U – 0.0359 wt %
235U – 4.4623 wt %
236U – 0.0068 wt %
238U – 95.495 wt %
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Validation: volume source

Unshielded CBNM-446: FEP efficiency
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Validation: volume source

EMC option: MCNP4c EMC option: MCNP-CP

Unshielded CBNM-446
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Validation: volume source

EMC option: MCNP4c EMC option: MCNP-CP

CBNM-446 shielded with 12 cm Al
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Validation: volume source

EMC option: MCNP4c EMC option: MCNP-CP

CBNM-446 shielded with 2 cm Pb



1st Advanced Training Course ITCM with Nucleonica, Karlsruhe, Germany, 22-24 April, 2009 21

Thank you for your 
attention !
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